Fig. S1
We carried out two experiments to demonstrate the evolution of Li-ions accumulation at the LICGC-graphene interface and the decline of the performance of the LICGC substrate in tuning the carrier density at low temperature. We used newly grown single-layer graphene whose resistance peak appear near 1.5 V (gate voltage sweep rate ~ 0.05 mV s -1 )
at room temperature. Figure S1a shows the evolution the graphene resistance with time and applied gate voltage at room temperature. We swept the gate voltage from 0 to 2 V, as shown by the curve in red. We found that the resistance peak appeared near 1.5 V. We kept the back gate voltage at 2 V and recorded the change of the sample resistance with time, shown by the curve in blue. The resistance of the sample continued to drop, suggesting that the double layer capacitor was being charged. This is due to the long RC time constant. It explains the resistance discontinuity in Fig. 3a and 3d in the main text. Figure S1b shows similar measurements performed at 200 K. The gate voltage was first swept from 0 to 2 V. The resistance peak did not appear near 1.5V. If the only change at low temperature had been the enlarged RC time constant, we would expect that the resistance peak appear after a sufficiently long time. However, the resistance saturated after 10 hours. The resistance peak finally appeared after we swept the gate voltage to 3 V. This experiment suggests that the LICGC substrate shows weaker performance when used to tune the carrier density at low temperature. It loses completely the ability to tune the carrier density below 100 K, as shown in Fig. 4 in the main text. The possible explanation is that a higher back gate voltage may be required to overcome the energy barrier encountered by lithium ions moving toward the LICGC-graphene interface at low temperature.
Fig. S2
We also tried to apply high back gate voltage to investigate the performance of the LICGC solid electrolyte in such condition. We found that high positive gate voltage did not degrade significantly the graphene sample, while high negative gate voltage caused an abrupt rising of the sample resistance. The discontinuity in the above curves is due to the delayed Li ion displacements during the time interval in the measurements. It is known that electro-chemical reaction may take place when gating with liquid electrolytes. And sometimes it may bring additional electro-chemical doping effect that enhances the gate tuning effect 1,2 . We are investigating if similar electro-chemical doping also take places in the solid electrolyte gating process. 
